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In (he Claims: 

Thci claims arc as follows: 

I . (Previously presented) A molhod for fomniig semiconductor structures, the method 
coniprisiiig the steps of; 

(a) fonning ft first plurality of deep ti-cnches, wherein forming each ticnch of the first plurality of 
deep ireiichcs includes the slops of: 

(i) providing a semiconductor substrate, 

(ii) forming a hard mask layer on top of the semiconductor substrate, 

(lii) etching a hard mask opening in the hard mask layer so as to expose the semiconductor 
substrate to tlic atmosphere through the hard mask layer opening, wherein the step of ctchhig the 
hard mask opening comprises the step ol' etching a bottom portion of tlie hard mask opening 
according to a first set of etching parameters, 

(iv) etching a deep trench in the substrate via the hard mgsk opening; and 

(b) determining a first yield of the first plurality of deep trenches; and 

(c) if the first yield of the first plurality of deep trenches is not within a prc«specificd range of a 
target yield, fornnng a second plurality of deep trenches, wherein each trench of the second 
plurality of deep trenches is fonned by using steps (a)(i) through (a)(iv), except tliat U^c 8lcp of 
etching the bottom portion of the hard mask opening is performed according to a second set of 
etching parameters, wherein the second set of etching parameters are adjusted from the first set 
of etching parameters such diat, for each trench of the second plurality of deep trenches, a side 
wall of llic bottom portion of the hard nifisk opening is more vertical tlian that corresponding to a 
trench of the fir.^t plurality of deeji trenches. 
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2. (Pj ovioiisly presented) Tlac mctliod of daim 1, further comprising the $lei>s of, 

determining a second yield of the second plurality of deep trenches; and 
if the second yield of the second plurality of deep trenches is not within tlic prc-spccificd 
range of a target yield, fonning a third plurality of deep trenches, wherein each trench of the 
third plurality of deep trenches is fomicd by using stq3s (a)(i) tlirough (a)(iv), except that the step 
of ctcliing the bottom portion of the hard mask opening is performed according to a third set of 
etching paraniclers, wherein tlie third set of etching parameters are adjusted from the second set 
of ctdiing parameters such tliat, for each trench of the third plurality of deep trenches, a side wall 
of tlie bottom portion of tlie hard mask opening is more vertical than that corresponding to a 
trench of the second plurality of deep trenches. 

3. (Original) The method of claim 1 , wherein the second set of etching pai'amclers arc adjusted 
from the first set of etching parameters snch that, for each trench of the second plurality of deep 
trenches, the stop of etching the bottom portion of tlic hard mask opening has a lower degi cc of 
anisotropy tlu\n that associated witli the a trench of the first plurality of deep trenches. 

4. (Original) The method of claim 3, wherein the lower degree of anisohropy is achieved by 
reducing a flow rate of a noble gas, 

5. (Original) The n^olhod of claim 4, wherein the noble gas comprises argon (Ar), 

6. (Original) The method of claim 1, wherein the bottom portion of the hard mask opening has a 
greater lateral width than a lop portion of the hard mask opening. 

10/711,953 3 

PAGE 4/13 ' RCVD AT 3/13/2006 9:35:51 AM [Eastern Standard Time] ' SVR:USPTO-EFXRF-2/21 ' DNIS:2738300 ' CSID: ' DURATION (inm-ss):03-14 



f1AR-13-06 HON 10:41 AM 



FAX NO. 



P. 



V. (Original) Tlicniclhod of claim 1, 

wherein the step of forming the hard mask layer comprises Ihe steps of: 
forming a pad oxide layer on top of the semiconductor substrate, and 
forming a nitride layer on top of the pad oxide layer, 

wherein, in the formation of the first plurality of deep trenches, a first side wall of the 
bottom portion of the hard mask opening associated with the nitride layer has a first height, 

wherein, in the fonnation of the second plvirality of deep trenches, a second side wall of 
tl^c bottom portion of the hard mask opening associated with the nitride layer has a second 
height, and 

wherein the lirst height is greater than the second height* 

8. (Original) The method of claim 7, wherein tlic step of forming tlic hard mask layer further 
comprises Ihc steps of: 

forming a BSC (borosilicate glass) layer on top of the nitiide layer; and 
forming mi ARC (anli-reilectivc coating) layer on top of tlie BSG layer. 

9. (Original) The method ofclaim 1, wherein tlio second set of etching parameters arc fiulhor 
adjusted from the first set of etching parameters such that, for each trench of the second plurality 
of deep trenches, the bottom portion of the hard mask opening has a rounder bottom comer than 
thai corresponding to a trench of the first plurality of deep trenches. 
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10. (Orisinal) The method of claim 9, wherein the rounder bottom comer is achieved by 
rcdLicitig u flow rale of a noble gas. 

1 1 . (Original) The mclhod of claim 1 0, wherein the noble gas comprises argon (Ar). 

12. (Original) The method of claim 1 , wherein the step of etching the bottom portion of the hard 
mask opening comprises the steps of: 

etching througli a nhrido layer of the hard mask layer; then 
etching thix)ugli an oxide layer of the hard mask layer; and then 
clchinB through a portion of the semiconductor substrata 

13. (Original) I hc method of claim 12> furLlicr comprising the step of etching a top portion of 
tlic hard mask opening in a BSG layer and an ARC layer, wherein the top portion is above the 
bottom portion. 
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1 4. (Previously presented) A method for fonning a semicoadiiclor structure, the method 
comprising the steps of; 

(a) providing a semiconductor substrate; 

(b) foitning a hard mask layer on lop of the semiconductor substi atc; 

(c) etching a Itavd mask opening in the hard mask layer so as to expose the semiconductor 
substjtitc to the atmosphere lluough the hard mask layer opening, 

wherein tlic step of etching the hai d mask opening comprises tlic step of etching a bottom portion 
of the hard mask opening such that a side wall of the bottom portion of the hard mask opening is 
sabstgntially vertical, gnd such that the bottom portion of the hard mask opening has a greater 
lateral widlli than a top portion of the hard mask opening; and 

(d) etching a deep trench in llie substrate via the hard mask opening. 

15, (Ongiual) The method of claim 14, further comprising a de-polymerization step so as to 
remove polymers from a surface of the semiconductor structure after the step of etching the hard 
mask opening and before the step of etching the deep trench. 



16. (Original) The melho<i of claim 14, wherein the step of etching the bottom portion ofthe 
hftrd jnask opening has a degree of anisotropy lower than a prcdelemiined degree of anisotix)py 
associated wilh a side wall angle which is considered substantially vertical. 



17. (Canceled) 



■ 

I 
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IS. (Withdrawn) A semiconductor structure, comprising: 

(a) a semiconductor substrate; 

(b) a liard mask layer on top of the semiconductor sitbslTate; aiid 

(c) a hard mask layer opening in the hard mask layer, 

wherein the semiconductor substrate is exposed to the atmosphere through the hard mask 
layer opening, 

wherein the hard mask layer opening comprises top and bottom portions, 
wherein the bottom portion is beneath the top portion, and 

wherein a side wall of the bottom portion of the hard mask layer opening is substantially 
vortical. 

19. (Withdrawn) The structure of claim 18, wherein the hard mask layer comprises: 

a pad oxide on top of the semiconductor substrate; and 
a nitride layer on top of the pad oxide layer» 

wherein the nitride layer and the pad oxide layer are exposed to die atmosphere on a side 
wall of the bottom portion of tlic hard mask layer opening. 

20. (Withdrawn) Tl\e strucmro of claim 1 8, wherein tlic bottom portion of the hard mask 
opening has a greater lateral widtli dian Htc top portion of the hard mask opening, 
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